Abstract. The presence of a magnetic field in β Lyrae was firstly suggested by Babcock in 1958 and then confirmed by Skulsky in 1982. This kG-order large-scale organized magnetic field has been neglected in interpreting and modeling the large variety of phenomena presented by β Lyrae. Here, we present circular spectropolarimetry of β Lyrae showing that its magnetic field is variable with the orbital period and that it has changed in sign and strength between 1980 and 2000. Unfortunately, there are not enough data to conclude if a longer-time variability is super-imposed on the orbital period variability or if the field changes abruptly. This magnetic field, to our knowledge, is unique. Since we measured the magnetic field in metal lines of the brightest star of the system, we can conclude that this is the first magnetic B-type giant star. In this case, the magnetic field is significantly different from that of Magnetic Chemically Peculiar stars and the long-time-scale variability suggests the presence of a dynamo. However, we cannot rule out that the magnetic field measured on the brightest star is generated by the accretion disk, or that the magnetic field of the embedded star is so elongated in the orbital plane by the disk that it still has a significant strength even at the companion distance. In any case, the accretion disk is certainly related to the magnetic field of the β Lyrae system. We found that variations of the field in sign and strength corresponded to variations in the disk structure, as it is inferred from photometry and spectroscopy. Also, a magnetized disk explains the observed jet-like outflow from the β Lyrae system.
Introduction
The spectroscopic and eclipsing binary system β Lyrae shows a very complex behavior both from a photometric and a spectroscopic point of view (Sahade 1980; Harmanec et al. 2002) . Visible light curves are characterized by a ∼1 mag deep primary minimum and a ∼0.4 mag secondary minimum. Usually this is explained assuming that the star which is in front at the primary minimum is larger and of smaller surface brightness than the star that is behind. In the case of β Lyrae system, the cool star would have to be a F5 star, whose characteristic lines are not present in the spectrum and that is not visible in the near infrared. So the photometric behavior of β Lyrae was understood only after Huang (1963) suggested that the more massive component is surrounded by a flat and opaque disk.
The brightest component is a B6-8II star (Harmanec 1996 ) losing mass to a more massive star that Mazzali et al. (1992) classified as an early-B Main-Sequence (MS) star. Starting
Send offprint requests to: F. Leone, e-mail: fleone@ct.astro.it from the orbital solutions by Harmanec & Scholz (1993) , Linnell & Hubeny (1996) found that the mass of the primary (brightest) and secondary components are 2.9 and 13.1 M respectively. Assuming that the secondary star is a MS star with a radius of 6 R , they modeled the light curves and found that the accretion disk has a radius of 30 R and is 6 R thick, and that the separation of the two components is 58.35 R .
The presence of a strong and large-scale organized magnetic field in the β Lyrae system has been suggested from the pioneer spectropolarimetric observations by Babcock (1958) and then confirmed by Skulsky (1982) .
We found there are several reasons to study the magnetic field of β Lyrae. If the magnetic field we observe is really located on the brightest star, it would be the only known B-type giant star with a measurable magnetic field (Borra 1982) . Interest in understanding the magnetic field of β Lyrae system comes from the high energy phenomena: we know that this system is characterized by X-ray and radio emission (Berghofer & Schmitt 1994; Umana et al. 2000) . Moreover, mass transfer and 
Spectropolarimetric observations
A direct measurement of stellar magnetic fields is based on the polarimetric properties of Zeeman components. Measurements of the circular polarization in spectral lines give the average, over the visible stellar surface, of the longitudinal field, the so called effective magnetic field (B eff ). Measurements of B eff of β Lyrae relatively to the 1980-1988 have been partially published by Skulsky (1982 Skulsky ( , 1985 .
In 1993-1995 and 2000 , measurements of the longitudinal magnetic field of β Lyrae were obtained at the Crimean Astrophysical Observatory with the 2.6 m Shajn telescope equipped with the achromatic Stokesmeter mounted in front of the entrance slit of the coudé spectrograph (Plachinda & Tarasova 1999) . The spectrograms we used were taken in the spectral region 4530-4565 Å, and the resolving power of the spectra was approximately 1.5×10
4 . Signal-to-noise ratios varied from 210 to 890, and the number of individual measurements responsible for the B eff varied from 4 to 30 depending on the different number of spectral lines used on different nights. The lines used and their Landé factors are listed in Table 1 .
Stokes V spectra in the 500-650 nm interval of β Lyrae were obtained at the Osservatorio Astrofisico di Catania in 1999. Observations and data reduction procedures are described in Leone et al. (2000) . The lines used and their Landé factors are listed in Table 1 . The signal-to-noise ratio was always larger than 200.
The complete logbook of the observations is given in Table 2 , where we report the Julian Data, B eff (average of values from different metal lines) and its error (standard deviation). 3. The observed magnetic field of β Lyrae Babcock (1958) included β Lyrae in the list of stars in which the presence of a magnetic field is probable but not firmly established.
From Skulsky (1985) , it is known that the effective magnetic field of β Lyrae system, as measured in 1980-1988, was sinusoidally variable with the orbital period. It presented a −1.2 kG average value and 0.47 kG amplitude. Assuming that this field belongs to the primary component and from analogy with Magnetic Chemically Peculiar (MCP) stars where the field is frozen on the stellar surface, Skulsky (1985) interpreted the periodic variability as due to a de-centered dipole (a = 0.08) whose axis is tilted with respect to the rotational axis by 28
• . To phase our measurements of the effective field, we have adopted the orbital ephemeris determined by Harmanec & Scholz (1993) : JD(Primary eclipse) = 2 408 247.966 + 12.91378 × E + 3.87196 × 10 −6 × E 2 .
We measured a B eff changing significantly:
-In 1993-1995, the field was mainly positive (Fig. 1) Harmanec et al. (1996) from the Hα and H 6678 Å radial velocities. Unfortunately, we do not have enough data to conclude if a longer time periodic variability is super-imposed on the orbital period variability or if the field abruptly changes. The properties of the β Lyrae magnetic field are very different from those observed in MCP stars. In this class of stars the magnetic field is observed to be stable on time scales of several decades. Consider the first star observed to be a magnetic star, 78 Vir in 1947 by Babcock (1947) : its magnetic field appears unchanged up to 1999 (Leone & Catanzaro 2001 ). The same is true for all MCP stars discovered by Babcock in the 1950's. Moreover, for MCP stars the magnetic field variation is commonly interpreted as due to a mainly dipolar configuration. In the case of the β Lyrae system, it is much more difficult to recover the magnetic field geometry. The brightest component is filling its Roche-lobe and is not spherical.
Location and origin of the magnetic field
We have observed the effects of a magnetic field on the spectral lines of the brightest component of the β Lyrae system, i.e. the B8II star. We could conclude that this is the first B-type giant whose magnetic field has been measured with certainty. The variability with orbital period implies a synchronization between the orbital and rotational periods. Moreover the magnetic field variation in intensity and sign on a longer time scale could indicate a dynamo origin of the field. 1980-1988, 1993-1995, 1999 and 2000 . Data are folded with the orbital period reported by Harmanec & Scholz (1993) . Dashed lines represent the null value. Among the 1993-1995 data, triangles represents 1993, circles the 1994 and crosses the 1995 observations respectively. Error bars are equal to two times the standard deviation, see text.
However, the importance of the accretion disk in generating and modifying external magnetic fields cannot be neglected. We find that dynamo-active accretion disks can be at the origin of some phenomena presented by the β Lyrae system. First of all there is the jet-like outflow discovered by Harmanec et al. (1996) with optical interferometry and confirmed by Hoffman et al. (1998) with linear spectropolarimetry. This outflow is necessary to explain the radio-nebulae spatially resolved by Umana et al. (2000) . According to numerical simulations, a magnetized disk may drive a magnetic wind, providing a good explanation for the origin of the collimated structures (Casse & Keppens 2002) . Stone & Norman (1994) have shown that the magnetic field of an accretion disk is intrinsically unsteady. As to the β Lyrae system, it is known that the accretion disk is not stationary: a) The light curves are not stable, they vary in shape and amplitude (Guinan 1989) , especially during the minima (Wilson 1974) . The primary minimum of the visible light-curve, which occurs when the disk is in front of the primary star, changes in deepness and shape from epoch to epoch and even from one cycle to the next (Sahade 1980) . Van Hamme et al. (1995) concluded that the long-term variations of the light curve have a 283.4-day period. b) According to Batten & Sahade (1973) , the H α emission can be considered as the superposition of a narrow component presenting small or no Radial Velocity (RV) changes and a broad component that moves out of phase with respect to the RV of the brightest star. These authors also found secular changes of the emission strength. c) Some strongly (200-300 km) shifted lines (satellite lines) are observed only during the primary minimum and are attributed to the disk rotating around the massive star (Sahade et al. 1980) . We find that the long-time-scale variability of the magnetic field is related to the variability of the disk structure. Particularly important for us is Skulsky's (1993) finding that the behavior of the Si 6347 and 6371 Å satellite lines changed abruptly from 1991 to 1992. It appears that the satellite lines changed just after the 1980-1988 campaign, when we observed an always negative effective magnetic field, and before the 1993-1995 when the field appeared mainly positive. Moreover, Struve (1958) found that during the primary minimum the Si lines of the primary star can show very different radial velocities even in two successive cycles. These velocity changes are explained in terms of different amounts of electron scattering due to a variable density of the disk (Sahade et al. 1980) . Moreover, Skulsky (1992) measured the Doppler shift of characteristic features in the H α and He 6678, 7065 Å line profiles continuously from 1985 to 1991, and concluded that clear differences appeared from 1990 in the radial velocity of the short-wavelength peak, also noticeable for the center emission.
If we measure on the brightest star of the β Lyrae system the magnetic field generated by the accretion disk, the variability with orbital period is not a surprise. It appears that the average of the magnetic field over the visible surface of the brightest star changes with the orbital motion because of the field gradient. On the hemisphere of the brightest star facing the disk, the magnetic field is stronger than in the opposite hemisphere. Moreover, the brightest star, transferring matter onto the companion, could not be spherical. Thus the visible photosphere changes in shape and area with the orbital phase and along with it the effective magnetic field, average over the visible surface of longitudinal components.
Conclusions
We have performed spectropolarimetric measurements of the effective magnetic field of the β Lyrae system between 1993 and 2000. We found that the magnetic field as measured from metal lines of the brightest component is of kG order, and it changes with the orbital period, and on a longer time scale. Our data are not sufficient to conclude if this field changes periodically or abruptly. We therefore encourage any observational campaign able to cover at least the long time variability observed for the light curves (∼300 days) with the aim to understand if the magnetic field also presents long time scale periodic variability or if the variations are abrupt.
Assuming that the magnetic field belongs to the brightest star, the straightforward conclusion is that this is the first B-type giant whose magnetic field has been measured with certainty. In this case, the magnetic field variability with the orbital period is indicative of rotation-orbit synchronism and the longtime variability could be related to the dynamo period.
However, we cannot rule out that we measure the field generated in the accretion disk on the brightest component. The most recent numerical simulations by von Rekowski et al. (2003) shown that a dynamo-active accretion disk can drive an outflow even without any external magnetic field. We therefore do not need to conclude that at least one of the components of β Lyrae is a magnetic star. Moreover, solutions of the dynamo-active accretion disks foresee a significant magnetic field in the orbital plane which in the case of β Lyrae could be the one measured on the brightest component. The presence of a magnetized disk easily explains the jet-like outflow presented by β Lyrae and the fact that the disk is non-stationary.
β Lyrae is listed in the General catalogue of Ap and Am stars by Renson et al. (1991) . Because of the long time variability superimposed on the orbital period, we concluded that it is not a main-sequence magnetic chemically peculiar star.
We also conclude that further modeling of β Lyrae massloss or disk should include the presence of the observed magnetic field.
